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Conflicting perceptions of past and present rangeland condition and limited historical data 
have led to debate regarding the management of vegetation in pastoral landscapes both 
internationally and in Australia. In light of this controversy we have sought to provide 
empirical evidence to determine the trajectory of vegetational change in a semi-arid 
rangeland for a significant portion of the 20th century using a suite of proxy measures. 
 
Location 
Ambathala Station, approximately 780 km west of Brisbane, in the semi arid rangelands of 
south western Queensland, Australia. 
 
Methods 
We excavated stratified deposits of sheep manure which had accumulated beneath a 
shearing shed between the years 1930 and 1995. Multi-proxy data, including pollen and 
leaf cuticle analyses and analysis of historical aerial photography were coupled with a fine 
resolution radiocarbon chronology to generate a near annual history of vegetation on the 
property and local area.  
 
Results 
Aerial photography indicates minor (<5%) increases in the density of woody vegetation 
took place between 1951 and 1994 in two thirds of the study area not subjected to clearing. 
Areas that were selectively or entirely cleared prior to the 1950s (approximately 16% of 
the study area) had recovered to almost 60% of their original cover by the 1994 photo 
period. This slight thickening is only partially evident from pollen and leaf cuticle analyses 
of sheep faeces. Very little change in vegetation is revealed over the nearly 65 years based 
on the relative abundances of pollen taxonomic groups. Microhistological examination of 
sheep faeces provides evidence of dramatic changes in sheep diet. The majority of dietary 
changes are associated with climatic events of sustained above average rainfall or 
persistent drought. Most notable in the dietary analysis is the absence of grass during the 
first two decades of the record.  
 




In contrast to prevailing perceptions and limited research into long term vegetation change 
in the semi-arid areas of eastern Australia, the record of vegetation change at the 
Ambathala shearing shed indicates only a minor increase in woody vegetation cover and 
no decrease in grass cover on the property over the 65 years of pastoral activity covered by 
the study. However, there are marked changes in the abundance of grass cuticle in sheep 
faeces. The appearance and persistence of grass in sheep diets from the late 1940s can be 
attributed to the effects of periods of high rainfall and possibly some clearing and thinning 
of vegetation. Lower stock numbers may have allowed grass to persist through later 
drought years. The relative abundances of major groups of plant pollen have not changed 
significantly over the past 65 years. 
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For much of arid and semi-arid Australia there is a strong perception, supported by over 
100 years of anecdotal and observational records, that pastoral landscapes have been 
impacted by European management practices (Strüver 1890, Royal Commission 1901, 
Noble 1997, Griffiths 2002, McKeon et al. 2004).  The general picture emerging from the 
literature is that these systems have undergone extensive structural and floristic change, as 
a result of the invasion of perennial grasslands by woody species and a general increase in 
shrub and tree cover due to grazing pressure and limited use (or suppression) of fire. 
Increasing woody cover is not unique to Australia and has been widely reported and 
studied in arid and semi-arid areas around the world (see review by Archer 1995).  
Although widely reported some argue that woody thickening is in danger of becoming 
folklore rather than an empirically recorded ‘fact’ (Mitchell1991). 
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Perceptions of how semi-arid environments once were, and how they have changed, 
influence contemporary land management issues, such as debates over tree thickening, 
regrowth, tree clearing, the dynamics of the carbon economy in agricultural systems, and 
the harvesting of shrub species a drought fodder. These impacts and changes have been 
discussed since early occupation but rarely supported by empirical evidence (eg Strüver 
1890, Blake 1936).  There may be some circularity to the ‘evidence’ from the literature.  
For example, some manuscripts published when ecological research into Australian 
rangelands was becoming formalised (eg. Harrington et al. 1979, Hodgkinson 1979), cited 
only previous anecdotal sources (such as Strüver 1890, Royal Commission 1901, Blake 
1936 and Anon. 1969) as evidence of vegetation change. These articles have then been 
cited numerous times as authoritative evidence of change. Despite semi-arid and arid 
environments covering about 75% of the land area of Australia, and over a century of 
concern for their condition, there has as yet been little formal attempt to reconstruct 
histories of decadal to century scale vegetation change for these areas (Lunt 2002). 
 
The older shearing sheds of pastoral Australia provide opportunities to reconstruct detailed 
vegetation histories because the annual accumulation of sheep faeces beneath shed floors 
records the diet of sheep in the days leading up to shearing (Witt et al. 2000).  Deposits of 
faeces beneath sheds provide a sheltered environment suitable for the accumulation and 
preservation of pollen and other environmental proxies that are difficult to obtain in any 
other setting in semi-arid landscapes. In some cases shearing sheds have been capturing 
environmental information in this way for over a century. 
 
Here we extend and expand the work of Witt et al. (2000) by reporting on environmental 
change over two thirds of the 20th century on Ambathala, a grazing property in semi-arid 
south west Queensland, Australia (25°58’S, 145°20’E). We use radiocarbon dating, and 
microhistology to examine the nature and timing of environmental changes reflected in the 
diet of Ambathala sheep, and aerial photography to provide an independent perspective on 
vegetation change occurring on the property. In addition, pollen analyses of the deposits 
were undertaken to assess broader vegetational change. This study tests the hypothesis 
emerging from the literature, and in popular perception, that the vegetation of southwest 
Queensland has changed significantly over the last century as a result of increasing shrub 
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Site selection and attributes  
The grazing property of Ambathala is located in the north of the mulga lands (Sattler and 
Williams 1999) approximately half way between the towns of Charleville and Adavale. 
This region, like much of the semi-arid woodland and shrubland of eastern Australia, is 
widely believed to have experienced significant structural and floristic vegetation change 
since European occupation and the introduction of a grazing-based land management 
regime (Noble 1997). Preliminary work by Witt et al. (2000) indicated that the Ambathala 
shearing shed preserves deposits of sheep faeces spanning most of the history of the shed 
(approximately 1905 to 1995) and therefore had the potential to reveal information on 
vegetation changes at an annual resolution for most of the 20th century. Shearing took 
place in August each year until the 1960s when a shift was made to either August or 
September shearing. The shed has been used continuously since its construction, except for 
the years between approximately 1965 and 1975 when no sheep were shorn (B. Marks 
pers. comm.). 
 
Climate and vegetation 
The area is semi-arid, with an average annual rainfall of ca. 450 mm. approximately 70% 
of this rain falls in the summer half of the year (October to March). Rainfall records used 
in this study are from Adavale (25°54’S, 144°35’E) the nearest Bureau of Meteorology 
recording station, approximately 75 km to the west of Ambathala. 
 
Vegetation on Ambathala is typical of that of the eastern mulga lands of Australia, with 
extensive areas of Acacia aneura F. Muell. (mulga) dominated tall to tall-open shrubland 
communities and A. cambagei R. T. Baker (gidgee) woodlands or low-open woodlands. 
Eucalyptus species occur as scattered trees throughout these communities and tend to 
dominate the vegetation only in drainage lines and alluvial systems or other sites of 
improved water availability. Ambathala also includes part of Lake Dartmouth, an 
ephemeral lake dominated by Muehlenbeckia florulenta Meisn. (lignum), Eragrostis 
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australasica (Steud.) C.E.Hubb. (swamp cane grass) and numerous species of the 
Chenopodiaceae, along with the trees, Eucalyptus coolabah Blakely and Jacobs (coolabah) 
and Casuarina cristata Miq. (belah). A more detailed description of the vegetation of the 
region can be found in Neldner (1984) and Sattler and Williams (1999). 
 
Shed design and history of use  
The Ambathala shearing shed is constructed of corrugated galvanised iron on a timber 
frame. The shed is approximately 75 m long by 25 m wide.  There are two main areas of 
the shearing shed. The original part (built between 1905 and 1910) which once had 40 
operational shearing stands is raised on stumps and is used for the purpose of shearing, 
wool sorting and storage. The other part of the shed is a covered area built directly on the 
ground and is designed to shelter sheep before they entered the raised shearing shed 
proper. 
 
The floor of the main shearing shed is approximately 1 m above the ground at the eastern 
end and 1.5 m at the western end where the natural ground line slopes away.  The floor of 
the shed that supports the traffic of sheep is made of timber slats that permit faecal pellets 
to fall through to the ground below. Significant deposits of sheep manure are associated 
with areas where sheep move through the shed at shearing times. With the advent of diesel 
and then electric driven shearing, and a reduction in the size of the property, the number of 
stands in use was reduced from 40 to 10 in the first half of the twentieth century. The 
remaining five stands, in use until 1995, are located at the eastern end of the shed. 
 
Although Ambathala was much larger in the first half of the 20th century than it is now, 
sheep have generally been restricted to the southern half of the property throughout its 
history as the ‘harder’ rockier country to the north and northwest was primarily used for 
cattle (Anon. 1963). The sheep faeces beneath the shearing shed, as far as a record of 
sheep diets have therefore been derived from a ‘catchment’ covering the southern half of 
the original large property. 
 
Detailed records of stock numbers are not available. However, for the first few decades of 
the 20th century approximately 20,000 sheep were shorn on Ambathala each year. In the 
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late 1940s sheep numbers were in the order of 10,000 increasing through the 1950s to peak 
at around 16,000, before returning to approximately 10,000 in the mid 1960s. Only 4000 to 
5000 sheep were shorn from the mid 1970s and fewer still just prior to the cessation of 
shearing in the shed in 1995. 
 
Excavation, sampling and general sample preparation 
Faeces were excavated in May 1999 using two techniques as determined by the nature of 
the deposited faeces. Faecal material beneath shearing sheds is either unconsolidated well 
preserved faecal pellets or, in areas where sheep trample, it is compressed and compacted 
into hard and distinct layers. Both types of deposits were excavated. Excavation was 
undertaken in an area beneath the shed where sheep enter the raised section of the shed 
(referred to here as the “entry profile”), and beneath one of the stands where sheep exit the 
shed (“exit profile”). It is important to note that due to the semi-arid climate, the dry nature 
of the sheep faecal pellets and the sheltered conditions offered by the shed that very little 
decay or bioturbation affects these deposits. It is for this reason that shearing sheds are 
usually cleared of faecal deposits reasonably often explaining why it is relatively rare to 
find deposits spanning almost a century. 
 
Entry profile 
The entry profile was inaccessible from the outside due to the vast deposits of faeces. This 
site was selected as it would have contained faeces deposited over several decades up until 
the final shearing in 1995. Timber slats were removed from the floor to access the faecal 
deposit. A 90 mm diameter section of PVC of pipe was driven into the deposit and the 
depth marked on the inside and outside of the pipe.  Some compression of the profile 
occurs using this method. The compressed depth of the deposit was 740 mm (true depth of 
800 mm).  The pipe containing the faeces was carefully extracted, packed with paper to 
prevent any movement and then sealed. Later the tube was cut into 36 x 20 mm sections 
for preparation and analyses. 
 
Exit profile 
At the south western end of the shed are shearing stands that have not been used since the 
first half of the 20th century. One of these stands and its associated chute (a ramp where 
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sheep are ejected from the shearing floor) was selected for excavation because it was well 
preserved and known to contain faeces from the early part of the 20th century. Sheep faeces 
beneath this area have been compressed as sheep were sent down a chute after shearing. 
Compressed faeces were excavated according to the methods outlined in Witt et al. (2000). 
A large pit was dug at the deepest part of the deposit and 2.4 m in from the exterior wall of 
the shed to avoid effects of weather. Once the pit was dug a block was created. Individual 
depositional layers were carefully sampled and depths recorded from a horizontal string 
line. A total of 18 layers were excavated. In the lower part of the deposit, layers were less 
distinct and more difficult to separate. 
 
Analytical framework 
In preparation for all analyses the faeces were ground in a mortar and pestle and all visual 
contamination, such as wool and vegetation were removed. 
 
Stable carbon isotope analyses  
The stable carbon isotope ratio of herbivore faeces is a reliable indicator of the proportion 
of C3 and C4 vegetation in the diet (Tieszen and Imbamba 1980, Gearing 1991). Sheep 
faeces were ground to a fine powder in an electric mill (<0.75mm). Stable carbon isotope 
values for each sample were determined based on the average of three replicates using an 
automated 15N/13C analyser. Previous analyses of herbivore and sheep faces have shown an 
error of about ±0.1‰ when three replicates are used (Witt et al. 1997, 2000). Stable carbon 
isotopic analysis was conducted to provide a rapid assessment of overall trends between 
the relative contribution of browse and herbs (C3) and grasses (predominantly C4), and to 
determine whether further investigation was warranted. 
 
Chronology and Radiocarbon (14C) determination 
Based on the δ13C results, oral history and results from preliminary research (Witt et al. 
2000) samples were selected for 14C analysis. Samples selected for radiocarbon dating are 
listed in Table 1. Radiocarbon activity was determined using conventional counting 
methods (Gupta et al. 1985). Samples were rinsed thoroughly in distilled water to remove 
soluble contaminants, then filtered and dried prior to combustion and counting. The 
rationale for using radiocarbon in determining a chronology was that the “bomb spike” 
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produced by atmospheric testing of nuclear weapons in the second half of the 20th century 
would be recorded in faeces, providing a means of accurately dating deposits since 1950. 
The absence of “bomb” carbon could also be used to confirm samples older than 1950. 
 
Dietary reconstruction by cuticular analyses 
Dietary analysis from leaf cuticle fragments followed the methods of Witt et al. (2000) 
except that 200 fragments were counted for each sample. Insufficient material was 
available to conduct cuticular analyses on sample 7 (140 mm) in the entry profile as it was 
used for radiocarbon determination. Identification of cuticles was based on reference 
material collected from the area. 
 
Pollen analyses 
Every second sample from the entry profile and 6 samples from the exit profile were 
processed for pollen analyses. Pollen were extracted from the faeces following a modified 
version of the standard KOH / acetolysis method (Faegri and Iversen 1966, Erdtman 
1969). A Lycopodium spike was added to samples at the beginning of processing to allow 
calculation of sample dilutions and pollen concentrations. Silicates were removed with hot 
HF. Samples were heated in dilute KOH and passed through a 180 μm terylene filter. The 
fine fraction was then acetolysed for 3 to 5 minutes and the residue passed through a 10 
μm terylene sieve. The fraction retained on the sieve was placed in vials and stored in 
absolute ethanol. Aliquots transferred to microscope slides were suspended in silicon oil 
and the cover slips sealed with nail varnish.  
 
Pollen counts were carried out on a Leitz Dialux microscope at x 400 magnification. 
Counts were made along transects spaced evenly across the slide and were continued until 
a total of 300 pollen grains had been identified or 25 percent of the slide had been counted 
– whichever was the sooner. In samples 12 (243 pollen counted) and 32 (296 pollen 
counted) of the entry profile, the target of 300 pollen was not reached although all possible 
transects on the slide were examined.   
 
Historical air photo records 
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Trends in woody vegetation cover change were assessed within an area covering the 
current property boundary of Ambathala using 1951, 1980 (both approximately 1:50000), 
1969 and 1994 (both approximately 1:80000) aerial photography. The property was 
divided into 1 x 1 km cells for analytical purposes. For each set of photography woody 
vegetation cover of every cell was assigned an estimated cover class of 5 (0-10% cover), 
15 (11-20% cover), 25 (21-30% cover) and so on. Woody cover was not differentiated into 
species, trees or shrubs, although lignum was included as woody cover.  
 
Each cell was categorized as being dominated by one of the three major soil-vegetation 
associations on the property, viz (A) - heavy alluvium dominated by coolabah and lignum 
(predominantly Lake Dartmouth and swamps); (G) - lighter alluvium and loamy soil on 
creeks and related flats supporting patches of gidgee with mulga, and (M) - mainly mulga 
on red earths. A tag was also assigned to each cell indicating whether >50% of it had been 
subject to either tree clearing (removal of most woody vegetation over a large area), 
thinning (selective removal of vegetation for fodder or to reduce tree density), or no 
apparent tree removal in addition to the year in which this became evident. We identified 
thinning of vegetation where the density of trees within a single vegetation type clearly 




The chronology of environmental change at Ambathala (Fig. 1) was established based on 
radiocarbon dating of faecal material, inferred changes in the ratio of C3 to C4 plants in 
sheep diets, historical rainfall events, and interpolation of estimated rates of deposition of 
faecal matter between dated horizons or events. This dataset has yielded a chronology of 
subannual or annual change for much of the last 80 years. 
 
Radiocarbon 
Radiocarbon determinations largely confirmed the expected chronology. The entry profile 
contains no ‘bomb carbon’ at depth (<100 percent modern (%M)).  However, radiocarbon 
activity rises rapidly between samples 14 and 15 (300 mm) and samples 6 and 7 (120 mm) 
(Fig. 1). The sole anomaly in the record is that the uppermost three samples (samples 1, 2 
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and 3), which were combined for dating, had higher than expected levels of bomb carbon 
at 135.7± 0.9 %M, rather than 115 %M. Some bioturbation may have occurred at the top 
of the profile, mixing bomb enriched 14C material into post-bomb horizons, or 
alternatively, 14C enriched faeces fell from the timber slat floor when the shed was idle 
from the mid to late 1990s and contaminated the surface layer of faeces. The shed was not 
used between the mid 1960s and the mid 1970s and we infer that the resultant hiatus in 
deposition of faeces lies approximately 80-100 mm below the surface of the entry profile. 
As expected, the exit profile lacks a bomb-peak (all values less than 100%M) because that 
area of the shed has been unused since before the 1950s. 
 
Supplementary determination of chronology 
Summer rainfall has a significant impact on the growth of C4 grasses. Thus, rainfall 
records can be used to help interpret the δ13C record and chronology of deposition. During 
the 20th century there were three very significant periods of abundant and extended 
summer rainfall in the region. These wet events occurred between 1917 and 1921, in the 
1950s and in the 1970s. As the shearing shed was not used during the wet period of the 
mid 1970s, the shift to C4 vegetation (grasses) between samples 21 and 11 (420-220 mm) 
is consistent with sheep consuming an abundance of grass during the wet phase between 
1949 and 1957. This finding is consistent with radiocarbon dating of the faeces from the 
entry profile.  
 
There is good fit, given subtle variation in accumulation rates that would occur beneath the 
floor of the shed, in the δ13C results from 420 – 720 mm in the entry profile and 0 – 272 
mm in the exit profile (shaded grey in Fig. 1). A large fragment of “The Bulletin” (a long 
running Australian national newspaper), which had been neatly folded to pocket size, was 
found between 16 and 26 mm of the exit profile (third sample layer from the surface). The 
fragment of newspaper was identified as page three and four of the January 14, 1948 
edition. Because the newspaper was cemented into the sediment we are confident that it 
provides evidence that the upper layers of the exit profile were laid down between 1948 
and 1949, and that the third layer could be no older than 1948. As a result, we believe the 
entry profile to extend from approximately 1937 to 1995, with a break in deposition 
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between approximately 1965 and 1975. The exit profile begins at approximately 1930 and 
is continuous through to 1949. 
 
A primary difficulty when working with faecal and other deposits used as a proxy measure 
of landscape change is determining the ‘catchment’ from which the environmental 
information is derived. The transit time for material to pass as faeces from sheep is 
between two and three days (Witt unpublished data). Thus the faeces represent the diet 
from up to three days prior to passing through the shearing shed. In most properties of this 
region sheep are in the open range during this time, and we have assumed that the diet 
faecal record is a representation of diet taken from the property generally and not in a 
small location surrounding the shed. However, it should be noted that before the use of 
motorcycles, mustering was principally done on horse back and this may have slowed the 
time taken to assemble and shear sheep. Consequently, there may be some bias in the early 
part of the record to areas closer to the shed than later deposits. Under these extensive 
pastoral practices sheep are not fed supplementary feeds such as hay. The only additional 
feed that may be provided during times of drought is mulga (Acacia aneura) branches and 
trees which are either cut down by chainsaw or pushed over by a tractor with a blade or bar 
attached. Some of the thinning apparent in the aerial photo record may have been the result 
of fodder harvesting during drought (see below). 
 
δ13C Stable carbon isotope analyses 
Stable carbon isotope ratios in the faeces fluctuate between -24.1‰ and -16.8‰ in the 
entry profile, and between -24‰ and -20‰ in the exit profile (Fig. 1). Values around -
24‰ are representative of a pure C3 diet in a semi-arid environment due to water stress 
experienced by the plants (Stewart et al. 1995). Only during periods of high moisture 
availability will a pure C3 diet yield values more negative than this. A purely C4 derived 
diet would average around -13 ‰. The entry profile shows a dramatic and abrupt shift to 
more C4 derived carbon from sample 21 (420 mm) through to sample 11 (220 mm). The 
maximum δ13C of -16.8‰ indicates that approximately 65% of the carbon in the faeces 
was derived from C4 plant tissue. Following the peak in C4 consumption there is a return to 
more C3 until the hiatus in deposition between 80 mm and 100 mm (representing the 
period between the mid 1960s and early 1970s). From the hiatus period until 1995, δ13C 
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values average around -20‰. The exit profile averages around -22‰ throughout with a 
slight shift to approximately -20‰ in the upper 25 mm. Stable carbon isotope ratios of 
between -22 and -20‰ indicate that approximately 65 to 80% of the diet comprised of C3 
plants. These data indicate that C3 plants dominated sheep diets except for a period in the 
1950s, and in the most recent decades, when C4 plants, principally tropical grasses, were 
important. 
 
Microhistology: what did the sheep eat? 
Until approximately 1947 the diet of sheep at shearing time (August) was dominated by 
woody vegetation (browse) with cuticle from grass being rare or absent. Forbs and 
chenopods are present but in lower abundance than in the period after the late 1940s. 
 
Grasses emerge and comprise about 20% of cuticle fragments by about 1947 and 1948 
then rise rapidly in the diet from approximately 1949 through to 1958. During that decade, 
grass accounts for between 60% and 80% of cuticle fragments. The correspondence of 
these values with the estimates of C4 vegetation in the diets, based on the stable carbon 
isotope analyses, indicates that the majority of grasses in the diet were C4. The remaining 
cuticular materials are dominated by forbs and chenopods. Browse is rare in sheep diets 
between 1949 and 1957. There is a slight increase in the proportion of forbs and 
chenopods in cuticle samples during the 1950s relative to preceding values. From the dry 
years of 1957 and 1958 until the mid 1960s (hiatus) grasses are much reduced and browse 
again becomes the major contributor to the diet of sheep. 
 
Overall, browse dominates the diet of sheep throughout the record with the exception of 
the decade 1949 to 1958. There are no general trends in the data except that since the 
1950s and the hiatus to the mid 1970s, grasses were a minor constituent of the diet. Prior to 
the mid 1940s the browse fraction is predominantly Acacia and Eucalyptus. The 
dependence on browse, along with scarcity of forbs and chenopods and the notable lack of 
grass, probably reflects the very dry conditions that persisted throughout most of the 1930s 
and into the later half of the 1940s. 
 
Palynology 
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Pollen in the faecal deposit are well preserved and easily identified. Pollen spectra are 
dominated by wind-dispersed, well-represented pollen types typical of semi-arid 
southwestern Queensland or northern New South Wales. Values in Fig. 2 are presented as 
percentages because of the difficulty in separating wind borne inflow from ingested pollen. 
It is possible that some pollen was ingested directly from eating flowers, but it is more 
likely that some pollen were present on leaves devoured by the sheep. Thus there may be a 
minor bias in the pollen record towards taxa, such as Myoporaceae, which flower during 
the autumn to spring shearing season. Some taxa, especially those of interest in issues of 
woody vegetation thickening (such as Acacia and Eucalyptus) are not well represented in 
the pollen record from Ambathala. Important taxonomic groups are discussed below. 
 
Chenopodiacae 
Chenopods are common throughout the record (Fig. 2). Chenopodiaceae are drought 
adapted small to medium shrubs and ephemeral plants with semi-succulent leaves. The 
group is common and widespread throughout arid and semi-arid Australia particularly 
saline environments. In the entry profile, representation averages approximately 40 percent 
but rises to greater than 60 percent at 440 mm. Chenopod percentage in the basal sample is 
unusually low at 30 percent. The period covered by samples 440-680 mm (~1937 to 1947) 
averages between 45-50 percent and is marginally more chenopod enriched than samples 
in the upper half of the diagram. There is a distinct dip in chenopod representation between 
240-400 mm.  From 200 mm values rise gradually and in the 2 uppermost samples achieve 
40 percent of the pollen sum. 
 
Poaceae 
Grass is the most abundant pollen taxon and their contribution remains more or less 
unchanged throughout. However, a distinct increase in Poaceae percentages between 240 
and 320 mm (> 40%) in the entry profile coincides with the mid-1950s. Similar values to 
those of the mid-1950s are recorded at the base of the profile where approximately 55 % of 
pollen is from grass. Poaceae are a dominant pollen type in the exit profile but at lower 
average percentage values than the entry profile in the period from 1930 until the early 
1940s. Grass pollen percentages are similar in the very recent years to values obtained for 
the earliest part of the record. 





Luly (1990), working in northwestern Victoria where Eremophila and Myoporum are 
common, found this pollen type to represent <1% of the regional pollen rain. Flowers of 
the Myoporaceae (especially Eremophila) are zoophilous and do not liberate pollen 
directly into the atmosphere. The abundance of Myoporaceae pollen in samples from 
Ambathala indicates a significant presence in the vegetation. Percentages of Myoporaceae 
show a marked pattern of increase in presence from 520 mm onward, which is interpreted 
to be the mid-1940s. A peak of 12% is reached at 320 mm in the entry profile, coinciding 
with the early 1950s. Occurrence declines after the early 1950s but remains higher than the 
period before the mid 1940s. Eremophila spp. are considered representative of shrubs that 
have increased in abundance since European land use in the semi-arid regions of Australia. 
However, the increase in Myoporaceae (most likely dominated by Eremophila spp.) pollen 
since the mid to late 1940s coincides with clearing of gidgee dominated vegetation to the 
north of the shearing shed. In this instance regrowth following clearing may be responsible 
for the increase in Myoporaceae. 
 
Eucalyptus 
Eucalyptus comprises a small component of the pollen. Values in excess of 5% only occur 
prior to 1950. Percentages of Eucalyptus pollen in the Ambathala samples are consistent 
with background values in a non-Eucalyptus dominated flora.  
 
Muehlenbeckia 
Muehlenbeckia florulenta (lignum) pollen is scarce until the 1950s and most abundant 
towards the top of the entry profile; a pattern consistent with denser lignum cover in 
riparian and flood-plain areas. 
 
Herbs and forbs  
For the purposes of simplifying the pollen diagram all herbaceous taxa, other than 
Chenopodiaceae and graminoids, have been grouped as herbs and forbs. Some of the 
notable taxa in this group are discussed below. Asteraceae (Tubuliflorae) pollen maintain 
levels of approximately 5 percent through most of the record. A rise in Asteraceae 
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percentages between 320 and 400 mm in the entry profile, coincides with the peak in 
Myoporaceae and the start of a dip in Chenopodiaceae representation. This peak coincides 
with the first series of significant rainfall years (late 1940s) for almost thirty years and 
some extensive clearing indicated in the aerial photographs. The exit profile also contains 
approximately 5 % Asteraceae throughout the samples analysed. From approximately the 
mid 1940s Wilsonia type pollen (a member of the Convolvulaceae - see Martin (2000)) is 
more prominent than in preceding years. This trend is also observed for lignum and 
Myoporaceae. Apiaceae also make a small, brief but noticeable appearance in the mid 
1950s and are indicative of wetter conditions. 
 
Historical aerial photography 
Our designated land and vegetation associations of A (heavy alluvium and lakes), M 
(mulga dominant on red earth) and G (gidgee dominant of red-brown and lighter alluvium) 
consisted of approximately 73, 68 and 63 km2 respectively. Average cover values for each 
association and whether they had been subject to clearing or thinning are presented in 
Table 2. From 1951 to 1994 the average estimated canopy cover of uncleared mulga cells 
had increased by 3.9% (34.0 to 37.9%). Over the entire photo period, average canopy 
cover in uncleared areas of gidgee increases by 5.1% (39.5 to 44.6%). In the 1951 
photography, approximately 31 km2 had been recently cleared with only three of those 
kilometre square cells re-cleared by 1969. Little broad scale clearing has occurred on 
Ambathala since that time. Evidence of thinning was detected over thirty-six km2 in 1951 
with further thinning evident over only 2 km2 in 1994. Most of the clearing occurred in the 
gidgee land-type and most thinning in the mulga. In 1951, thinned areas had approximately 
10 to 12 % cover. The thinned vegetation of both gidgee and mulga land types had not 
regrown to approach woody cover values of the untreated landscape by 1994. In the mulga 
land-type, the cover of cleared land had recovered to about 54% of the 1951 uncleared 
cover, and to 60% in the gidgee land-type.  
 
It should be noted that the 1969 and 1994 (1:80000) photographs were of a different scale 
to those of 1951 and 1980 (1:50000). In a study assessing woody vegetation cover from 
aerial photographs of scales 1:20000 to 1:50000, Fensham et al. (2002) note that cover 
appears greater as photo-scale decreases. This effect would also apply to 1:80000 
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photographs although its magnitude is unknown. Although the aim of this study was 
predominantly to indicate the direction of change and method designed accordingly, the 
1969 and 1994 results should be interpreted with the caveat that cover values may be 
slightly over estimated.  
 
DISCUSSION 
The Ambathala excavations provide an annual or close to annual insight into the diet of 
sheep and the dynamics the surrounding vegetation from approximately 1930 to 1995. This 
is the most detailed long term vegetation record of century scale vegetation change 
obtained from the arid or semi-arid zones of Australia. There appears to be no trend in the 
vegetation according to the sheep diets and pollen floras contained in the faecal deposits 
(1930 – 1995). Aerial photograph interpretation revealed a minor (4-5%) increase in 
woody cover over the period of 1951 to 1994 for those areas not subjected to clearing or 
thinning. Conversely, on alluvial soils estimated woody cover declined by 1.2%. Those 
areas extensively cleared and thinned in the first half of the century have experienced 
thickening as woody vegetation regrowth occurred. 
 
The leaf cuticle record in the faecal deposits is a reflection of the diet of sheep in the days 
prior to shearing and therefore captures a signal of the selective preferences of sheep and 
availability of feed in late winter and early spring. Throughout the record the diet is biased 
heavily toward browse (shrubs and trees), with the exception of the high summer rainfall 
period of 1949 – 1957 when grass was a significant contributor. Most notable is the 
absence of grasses in the first two dry decades compared to the more recent decades 
(Fig.1).  
 
The pollen record provides insight into the occurrence of wind blown pollen types 
throughout the history of the shed, and unlike the leaf cuticle analyses is not restricted to 
the capture of environmental information at only one time of the year nor based solely on 
the selective preferences of sheep. Little change in the proportion of different taxonomic 
groups over 65 years is suggested based on the pollen record. In contrast to the dietary 
record, grass pollen are present throughout the deposit. Their continuous presence 
indicates that grass has been a component of the landscape even during the years of 1930 
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to 1949 when grasses, or at least palatable grasses, were not available to sheep at shearing 
time. Little evidence of increasing woody vegetation is found in the pollen with the 
possible exception of a slight increase in Myporaceae pollen during the 1950s. The minor 
increases in Myporaceae may be an artefact of some clearing rather than general landscape 
changes. Unfortunately, pollen of larger woody taxa, particularly Acacia and Eucalyptus 
which are often implicated in vegetation thickening are poorly represented in the faecal 
deposit.  This is an artefact of the pollen data rather than an absence from the local 
vegetation as Acacia pollen is neither profligately produced nor widely dispersed. Neither 
the pollen nor dietary records support the hypothesis of declining grasses and increasing 
woody vegetation. 
 
Regional and historical context 
Few direct comparisons to the results of this study are possible as there has been little 
published literature that attempts to reconstruct vegetation change over decadal to century 
time scales in the semi-arid zone of eastern Australia, particularly the mulga dominated 
regions (Lunt 2002). Most literature deals with short term or specific experimental studies 
of vegetation dynamics under grazing and other management regimes (see the synopsis by 
Noble 1997 and studies referred to by Burrows 2002).  
 
For the mulgalands bioregion the only attempts at long term reconstruction include the 
work by Witt and Beeton (1995), Witt et al. (1997) and Witt et al. (2000). In contrast to 
the minor woody increase observed from the historical aerial photography in this study, 
Witt and Beeton (1995) demonstrated significant thickening of woody vegetation in mulga 
dominated communities further to the south west on “Currawinya” (28°52’S 144°30’E) 
over the same period (1951-1992). Thickening on Currawinya coincided with an apparent 
overall decline in the availability of grass as revealed by analysis of the sheep faeces (Witt 
et al. 1999). The apparent decline in grass since the 1950s is mirrored in the Ambathala 
record. However, the Ambathala excavations extend our historical insight back a further 
two decades and indicate that the ‘decline’ in grass results only from the very high rainfall, 
particularly summer rainfall experienced in the 1950s leading to a high initial percentage 
of grass in the diets of sheep at Currawinya. The contrast between the extent of thickening 
at Currawinya and limited evidence for thickening at Ambathala may in part be explained 
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by the initial cover observed in the early 1950s aerial photography. Currawinya was very 
open with generally <10% woody cover in the early 1950s while Ambathala had relatively 
high cover values (see table 2). Fensham et al. (2005) in their work in central Queensland 
demonstrated initial low cover coupled with periods of high rainfall explained greater rates 
of woody thickening in their area of investigation rather than land management.  
 
In contrast to the often cited thickening occurring in semi-arid woodlands and shrublands, 
occasional periods of drought related dieback of trees have also been recorded although 
they are less frequently referred to in the literature (see summary provided by Fensham 
and Holman 1999). References to mulga and associated trees being killed by extreme 
drought are common in the first half of the 20th century. It may be that in the more arid 
region surrounding Currawinya that the ‘open’ appearance of the vegetation of the first 
half of the 20th century was an artefact of severe drought at the turn of the 20th century and 
the prevalence of drought until the 1950s. Fensham and Holman’s (1999) rainfall deficit 
modelling for most of Queensland indicates that drought was more extreme during the first 
half of the 20th century and may also account for the absence of grass in the sheep diets for 
the first two decades of the Ambathala record. 
 
Outside the mulgalands bioregion research into historical vegetation change has recently 
been conducted in the brigalow bioregion and the eucalypt woodlands to the north and east 
of the mulgalands. This research has been stimulated by recent controversies surrounding 
vegetation clearing and debates over tree thickening and related greenhouse gas 
implications (Gifford and Howden 2001, Burrows 2002, Burrows et al. 2002, House, et al. 
2003, Fensham et al. 2005). Little of this work has extended historical insight beyond the 
early 1950s due to limits on available aerial photography and direct observational studies. 
Research to date in the higher rainfall bioregions to the north and east has indicated 
thickening of woody vegetation since the 1950s.  However, these regions have also been 
subject to extensive clearing over that period.   
 
The remaining insight into vegetation change in the arid and semi arid regions of eastern 
Australia is fragmented in a range of literature spanning over 120 years such as maps, 
explorers records, government reports and scientific literature (eg. Watson 1882, Strüver 
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1890, Peacock 1899, Royal Commission 1901, Benbow 1901, Anon. 1969). This literature 
remains poorly synthesised particularly in the context of current concerns and debates 
about appropriate management and conservation of the woodlands and shrubland of semi-
arid Australia. 
 
Descriptions and observations in this early literature are open to interpretation (see 
Griffiths 2002). There does however, appear to be a strong case that heightened concern 
for the condition semi-arid grazing lands in eastern Australia towards the end of the 19th 
and into the early 20th centuries mirrors a real and dramatic change in the landscape 
following European occupation for grazing.  The apparent ‘collapse’ of much of the semi-
arid grazing lands throughout New South Wales and Queensland coinciding with a 
prolonged dry period has been discussed by many authors and is generally considered to 
have been a key threshold (Noble 1997, McKeon et al. 2004). The problem is that apart 
from acknowledgment that an initial impact occurred, generally resulting in the decline in 
standing herbage biomass and an increase in woody vegetation in some places (considered 
as degradation from a grazing enterprise point of view), we have no understanding of the 
trajectory of vegetation since that time. In the light of limited and equivocal data some 
continued increases in woody vegetation are apparent. However, this trend is not universal 
for the mulgalands.  The Ambathala record indicates that there has been no significant 
directional change in the woody and non-woody vegetation since 1930, while the research 
at Currawinya indicates significant thickening. 
 
Conclusions 
By using proxy measures of historical vegetation (pollen and leaf cuticle analyses of faecal 
deposits) and historical aerial photography, this study has revealed only minor increases in 
woody vegetation on and surrounding Ambathala, southwest Queensland, Australia. In 
addition there was no apparent directional change in presence of herbaceous species from 
1930 to 1995. Previous research indicates that increased woody vegetation cover has 
occurred to the southwest in the same bioregion (Witt and Beeton 1995). Thus thickening 
of woody vegetation, based on historical aerial photography interpretation, is variable over 
the mulga lands since the early 1950s. Although no trend was detected in the presence of 
non-woody species there were dramatic fluctuations in the availability of these plants as 
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indicated by reconstructed sheep diets from analysis of the accumulated sheep faeces 
beneath the Ambathala shearing shed. These fluctuations reflect climatic variability, 
especially the exceptionally wet phase from 1949 to 1957. The only notable change 
revealed from the dietary analysis is that grasses have been present in the diet of sheep 
(although in small quantities) since the 1950s which is in stark contrast to their absence in 
the first two decades of the record (1930 to 1948). Pollen analysis of the faecal deposits 
provides no clear evidence for a directional change in the relative abundance of any taxon 
throughout the record. 
 
Concern for increased tree and shrub cover and poor pasture condition has been recounted 
since early pastoral occupation. The perceived thickening and increase of shrubs and trees 
and ongoing decline in grass and other herbage is not quantified. However, the weight of 
evidence provided by observation indicates initial and dramatic changes to southwest 
Queensland and northwestern New South Wales following shortly after pastoral 
occupation commenced. Whether the environment has continued to ‘degrade’ (NB 
thickening as a signal of degradation) since that time or if it has stabilised into a dynamic 
equilibrium (yet apparently undesirable condition) remains equivocal. Our research at 
Ambathala suggests a dynamic equilibrium for most of the 20th century. The lack of 
insight and empirical evidence of vegetation trajectory (trends) is a major gap for land 
managers and policy development alike.  
 
The conundrum for land users is that their enterprises rely on grazing and that increases in 
trees and shrubs directly impact on capacity to manage profitably. Recent regulatory 
changes to limit clearing of vegetation in Queensland and New South Wales appear to 
many of the affected landholders as contradictory to their aim of maintaining a more open 
and ‘natural’ pastoral landscape. In addition landholders may consider that these 
regulations ignore over a century of ‘evidence’ that woody vegetation has increased to an 
extent that it impedes pasture growth (Burrows 2002). It is here that the conundrum lies. 
Pastoralists wish to maintain the perceived open ‘natural’ state while governments wish to 
maintain their view of the ‘natural’ state which is based largely on what is currently there. 
‘What is the natural state?’ is a question which needs to be answered and indicates the 
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importance of historical insight when regulating and managing for landscape outcomes 
(Clark 1990, Bowman 2001, Griffiths 2002). 
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Table 1.  Samples selected for radiocarbon determination and rationale for their selection. 
Results are expressed as percentage modern (% M) in Fig. 3. 
 
Table 2.  Average woody vegetation cover, expressed as a percent, based on aerial 
photography interpretation for Ambathala for broad soil-vegetation associations over the 
years 1951, 1969, 1980 and 1994.  The status of the vegetation is also shown as being 
untreated (apparently not cleared or thinned), thinned and cleared.  The number of square 







Figure 1. Detail of the calculated chronology of sheep faeces excavated from the 
Ambathala shearing shed. The upper set of graphs is the δ13C and microhistology results 
from the entry profile while the lower is for the exit profile.  The grey shaded area on these 
two sets of graphs indicates the assumed overlap in deposition time.  Radiocarbon 
determinations (reported as % modern) and our interpreted chronology are indicated to the 
left in conjunction with the depth of the deposits in mm.  A summary of rainfall is matched 
to the chronology at the far left of the figure indicating summer (solid line) and winter 
(dashed line) rainfall for the period 1930 to 1995.  The rainfall data are for Adavale and 
summer and winter are for the six months October to March and April to September 
respectively. 
 
Figure 2.  Pollen percentages of taxonomic groupings from the entry (above) and exit 
(below) profiles excavated from the Ambathala shearing shed. 














sample  depth 
(mm) 
rationale for selection ANU lab 
number 
Entry Profile    
1,2,3* 0-60 should contain the most recent deposits to 1995 ANU 11335 
6,7* 100-140 expected to coincide with the recommencement of 
shearing in the mid 1970s 
ANU 11339 
8 140-160 expected to equate to the end of shearing in the mid 
1960s 
ANU 11302 
11,12* 200-240 coincides with moderate levels of C4 (-19.66‰) and 
expected to be the late 1950s 
ANU 11303 
14,15* 260-300 high levels of C4 (-17 to -18‰) expected to coincide 
with very high summer rainfall in the mid 1950s 
ANU 11336 
24,25* 460-500 expected to be pre-bomb carbon (pre 1950) ANU 11334 
33,34* 640-680 as above ANU 11342 
36 (base) 700-720 base of deposit containing high proportion of soil, 
radiocarbon to confirm if pre 1950 
ANU 11337 
    
Exit Profile 
(Chute 19) 
   
1,2* 0-16 unknown date at time of excavation, but expected to 
pre date 1950s when number of shearing stands in 
use was reduced 
ANU 11301 
9-10* 74-98 between 1905 and 1935 ANU 11338 
17,18* 230-348 likely to be the oldest faeces in the shed  ANU 11300 
*combined samples to ensure adequate 14C for counting 





(1: 50 000) 
1969 
(1: 80 000) 
1980 
(1: 50 000) 
1994 
(1: 80 000) 
change  
1951-1994 
Untreated      
Alluvial (58) 25.2 16.2 24.5 24.0 -1.2 
Mulga (41) 34.0 39.4 39.6 37.9 3.9 
Gidgee (29) 39.5 40.0 42.8 44.6 5.1 
Thinned      
Alluvial (4) 15.0 27.5 27.5 22.5 7.5 
Mulga (20) 17.5 22.5 23.5 20.5 3.0 
Gidgee (12) 15.0 29.2 35 25.8 10.8 
Cleared      
Alluvial (11) 6.8 7.7 10.5 16.8 10.8 
Mulga (7) 12.1 19.3 19.3 22.1 10.0 
Gidgee (13) 9.6 11.2 14.2 30.4 20.8 
Survey area (195)      
 
